air masses recently influenced (< 5 days) by continental emissions. In the free troposphere, mixing ratios were generally twofold less than the average values in the boundary layer air Gregory et al., 1996] . Free tropospheric air masses sampled in May 1988 at the MLO exhibited average mixing ratios of 63 and 94 pptv for HCOOH and CH3COOH, respectively [Norton, 1992] .
These values are about a factor of 2 smaller than what was observed in aged free tropospheric air over the western Pacific during PEMWest A .
The eastward transport of air masses originating over the Asian continent across the northern Pacific basin is well established [Merrill, 1989] 
Experimental Methods

Study Area
The airborne component of PEM-West B was conducted using 
Sampling and Analytical Methodology
Acidic gases were subsampled from a constant high-volume (300 -800 liter per minute, LPM) flow of ambient air using the mist chamber technique [Talbot et al., 1988 [Talbot et al., , 1990 . Sample collection intervals were typically 10 min. The inlet manifold consisted of a 1.3 m length of 35 mm ID porcelain coated steel pipe (Figure 1) . The pipe extended from the DC-8 fuselage to provide a 90 ø orientation to the ambient air streamline flow. To facilitate pumping of the high-volume manifold flow, a diffuser was mounted over the end of the inlet pipe parallel to the DC-8 fuselage. The diffuser was "torpedo shaped," having a forward opening of 80 mm and 55 mm aft (430 mm in length). This design provided a "shroud" effect by slowing the flow of ambient air through it slightly below the true air speed of the DC-8 and adding a 50 mbar pressurization to the sampling manifold. This eliminated the reverse venturi effect (=40 mbar) on the sampling manifold. An additional feature of the diffuser was a curved step around the porcelain manifold which provided the streamline effects of a backward facing inlet. Its function was to facilitate exclusion of aerosol particles greater than = 2/•m in diameter from the sampling manifold. Aerosols smaller than this were removed from the sampled airstream using a 1 gm pore-sized Zefluor teflon filter that was readily changeable every 5 -10 min. The effectiveness of the shroud in depleting the sampled air stream of large aerosols was examined by sampling in the marine boundary. The manifold prefilter was analyzed for sodium and chloride and these concentrations were compared to those from an aerosol sample collected simultaneously with a forward facing isokinetic probe. These tests showed that the diffuser effectively produced an air stream nearly devoid (>90 %) of sea-salt aerosols. Vacuum was applied to the inlet systems using externally mounted high-flow venturis located at an aft station on the DC-8.
In addition to the features described above, the inlet manifold was equipped with the capability for conducting a standard addition of HNO3 into the manifold ambient air stream. This spike was added = 10 cm downstream inside the manifold pipe through a 6.5 mm OD teflon tube mounted perpendicular to the air flow. This tube was =20 mm long and was maintained at 40øC to facilitate passing of calibration gas through it. This design effectively tested the passing efficiency of the entire manifold system. The calibration system for HNO3 consisted of a permeation oven held at 90øC and a single-dilution flow of ultra zero air (1.5 LPM) which swept the oven outflow to either a nylon filter for output quantification or the sampling manifold. The heated teflon tubing through which the HNO3 stream passed was kept equilibrated by a flow design that allowed the calibration gas to constantly pass to near the point of injection into the manifold flow before being dumped aft through a return line (Figure 1) . The mixing ratio of HNO3 in the 1.5 LPM flow was typically 200 parts per billion by volume (ppbv). This spike was then diluted several hundred times by the high flow rate of ambient air in the sampling manifold, producing standard additions of 100 -1200 pptv.
The permeation oven output of HNO3 was monitored on the ground and in the air in near real-time. The permeation source was constant to + 15% at any given altitude but varied by a factor of 2 from ground level to 12.5 km altitude due to lack of sophisticated pressure control in this preliminary version of a calibration system. The operating characteristics of the calibration system were satisfactory, however, for a "first-cut" evaluation of the passing efficiency of the sampling inlet.
The concentrations of acidic gases were quantified using a custom built dual ion chromatography system equipped a with computer interface for data acquisition. The system was composed primarily of Dionex components with the detectors and flow system thermostated to 40øC. Eluants were constantly purged with He gas. Nitric acid was measured using a fast anion column, while the carboxylic acids were determined using an AS4 column. Concentrator colunms and electronic suppression was used in both chromatography systems. Calibration curves generated on the ground and in the air agreed within +2%. We thus were able to determine atmospheric mixing ratios of acidic gases in near real- The measurements of these species were averaged to provide mean values that corresponded directly to the acidic gas sampling times. This merged data product was generated at the Georgia Institute of Technology, and it is used exclusively in this paper.
Results of HNOs Instrument Tests
To assess the measurement precision of acidic gases, we conducted simultaneous sampling with two mist chambers during three flights out of Guam. These data were obtained in aged free tropospheric air of relatively uniform composition (e.g., CO 75 + 5 ppbv). The results of these comparisons for HNO• are shown in Figure 2 . There was excellent agreement in the simultaneously determined mixing ratios ofHNO 3 over the range of about 50 -250 pptv. The median percent difference, [(MC 1 -MC 2)/MC 1] x 100%, indicated that the precision of our HNO3 measurements is of the order of + 10%. The precision for HCOOH and CH3COOH was even better than this, averaging +7%.
On every flight during the PEM-West B expedition, we conducted multiple passing efficiency checks to quantify the transmission of H NO 3 through the inlet assembly. These tests were conducted on level flight legs by making several ambient measurements that bracketed in time standard additions into the same airstream. This allowed us to have reasonable confidence in the ambient air substraction to determine the spike recovery. In some cases the ambient variability was too large (> +30%) to make a meaningful assessment of the passing efficiency. These data were discarded, leaving 175 data points for evaluation purposes. As The HNO 3 data presented in this paper have not been corrected for passing efficiency. This decision was based on the uncertainties associated with the permeation oven output and background subtraction. Improvements to maintain precise flow and pressure control in our calibration system plus an increase in the measurement time resolution should rectify these problems in the future. Based on the passing efficiency tests and other potential errors in the sampling and analysis, the overall uncertainty of the HNO3 measurements is estimated to be q-35%. The limit of detection is 5 pptv for a 15-min sampling interval. Extensive ground-based tests for HCOOH and CH3COOH indicate that (1) their passing efficiency through our inlet is >90%, (2) the overall measurement uncertainty for these species is q-20 and 25% and, (3) their limits of detection for a 15-min sampling period are 10 and 15 pptv, respectively. Our experience indicates that these carboxylic acid species are significantly less prone to wall loss problems than •'.
• Figures 3a and 5) . This same lack of high correlation between carboxylic acids and other atmospheric species has been observed in free tropospheric air at Mauna Loa, Hawaii [Norton, 1992] The CO and C2H 2 vertical distributions show a combustion influence at all altitudes, some of which is clearly anthropogenic owing to coincident enhancements in C2C14 (Figure 8) . The discrete In Table I we present a comparison of the median mixing ratios of acidic gases measured during the PEM-West A and B flight programs. These data are divided into three types of air mass classification regimes based on backward isentropic trajectories [Merrill et At latitudes >20øN, stratospheric air was sampled on several occasions. The largest event occurred at 11 km altitude over the Sea of Japan. Peak 03 mixing ratios were around 600 ppbv, while HNO3 approached 3 ppbv. Overall, we found linear relationships between HNO3 and 03 or N20 that yielded slopes of 6.06 x 10 '3 and -9.20 x 10 '2 , respectively, consistent with those previously reported for
